Deregulation of microRNA (miRNA) expression can have a critical role in carcinogenesis. Here we show in prostate cancer that miRNA-205 (miR-205) transcription is commonly repressed and the MIR-205 locus is hypermethylated. LOC642587, the MIR-205 host gene of unknown function, is also concordantly inactivated. We show that miR-205 targets mediator 1 (MED1, also called TRAP220 and PPARBP) for transcriptional silencing in normal prostate cells, leading to reduction in MED1 mRNA levels, and in total and active phospho-MED1 protein. Overexpression of miR-205 in prostate cancer cells negatively affects cell viability, consistent with a tumor suppressor function. We found that hypermethylation of the MIR-205 locus was strongly related with a decrease in miR-205 expression and an increase in MED1 expression in primary tumor samples (n ¼ 14), when compared with matched normal prostate (n ¼ 7). An expanded patient cohort (tumor n ¼ 149, matched normal n ¼ 30) also showed significant MIR-205 DNA methylation in tumors compared with normal, and MIR-205 hypermethylation is significantly associated with biochemical recurrence (hazard ratio ¼ 2.005, 95% confidence interval (1.109, 3.625), P ¼ 0.02), in patients with low preoperative prostate specific antigen. In summary, these results suggest that miR-205 is an epigenetically regulated tumor suppressor that targets MED1 and may provide a potential biomarker in prostate cancer management.
INTRODUCTION
A prevailing concern in prostate cancer prognosis and treatment decisions is the absence of reliable markers for disease progression. In recent years, epigenetic modifications, such as DNA methylation and chromatin modification, have been shown to be sufficient to drive cancer phenotypes 1 and be of prognostic value.
2 MiRNAs (microRNAs) are noncoding RNAs that regulate gene expression in many biological processes including growth, differentiation, metabolism and development. MiRNAs typically exert a physiological effect through targeting mRNAs for repression. The paradigm for miRNA function at an mRNA target describes the degree of Watson-Crick base pairing between the miRNA seed sequence 2-8 and the target mRNA 3 0 -UTR determining the method of repression; with perfect complimentarity permitting Argonaut catalyzed degradation, and imperfect pairing promoting repression of translation. 3 Recent studies have indicated that miRNAs are mechanistically involved in many human cancers, 4 including prostate cancer. 5 Moreover, miRNA expression profiles have proved to be superior to mRNA profiling for tissue and disease categorization. 6 However, a great many challenges remain in deciphering the regulation and role of miRNAs in normal and neoplastic tissue. MiR-205 exemplifies the challenge of understanding the role of miRNAs in cancer, in that studies on a range of cancers and cell lines have shown both positive and negative correlations between miR-205 expression and disease state. We recently identified both primary and mature miR-205 expression to be downregulated in prostate cancer cells. 7 MiR-205 expression has also been reported to be downregulated in a number of other cancers and cancer cell-line studies including: breast, [8] [9] [10] prostate, 11 bladder, 12 head and neck squamous cell carcinoma 13 and esophageal. 14 Conversely, miR-205 has been reported to be overexpressed in endometrial carcinoma, 15 ovarian, 16 non-small-cell lung cancer, [17] [18] [19] head and neck squamous cell carcinoma, [20] [21] [22] bladder, 23, 24 and esophageal squamous mucosa. 25 A number of explanations may account for this, including the difficultly in controlling for normal tissue contaminating tumor samples. However, it is plausible that miR-205 expression levels are intrinsically linked with tumor progression and that different published expression changes may reflect tumor staging of individual cohorts. This possibility is supported by the fact that miR-205 is typically robustly expressed in epidermal tissues, 24 and is downregulated during epithelial to mesenchymal transition, 26 a mechanism whereby cells undergo loss of cell adhesion and increased cell mobility in a manner similar to the initiation of metastasis. Individual miRNAs may target numerous mRNA targets. 27, 28 MiR-205 has previously been cited as targeting HER3 (ERBB3), 9 PKCe, 11 SHIP2 (INPPL1), 21 VEGF-A,
shown to activate IL24 and IL32 by targeting sites in their promoters. 29 Recently, miR-205 was demonstrated to target mediator complex subunit 1 (mediator 1 (MED1); also known as PPARBP, CRSP1, PBP, RB18A and TRAP220) in primary human trophoblasts. 30 MED1 associates with the mediator complex, which functions as a molecular bridge between enhancer-bound activators, such as androgen receptor (AR), and the basal transcription machinery, 31 and is indispensable for transcription of selected AR targets. 32 Here, we show that miR-205 is epigenetically silenced in prostate cancer, and is associated with DNA hypermethylation, H3K9-deacetylation and reduced mature miRNA expression in prostate cancer cells. Further, we demonstrate miR-205 0 s ability to inhibit proliferation in LNCaP cells, in a manner consistent with a role as a tumor suppressor. We find that MED1, which is overexpressed in prostate cancer cells, is knocked down or further upregulated by transient addition of miR-205 precursors or inhibitors, respectively. We show that in human prostate adenocarcinomas the miR-205 genomic locus is DNA hypermethylated, shows a reduction in miR-205 expression and has increased MED1 expression. Importantly, high MIR-205 DNA methylation is associated with relapse in patients with low preoperative prostate specific antigen (PSA).
RESULTS

miR-205 is epigenetically repressed in prostate cancer cells
The MIR-205 gene is located on chromosome 12 and lies intragenic at the 3 0 end of the predicted protein-coding gene of LOC642587 (Figure 1a) . MIR-205 spans the intron-exon boundary of LOC642587 (Figure 1a) . To assess the expression and potential epigenetic regulation of miR-205 in prostate cancer, we cultured LNCaP metastatic prostate cells and prostate epithelial cells (PrEC) normal prostate epithelial cells both with and without the demethylating drug 5-Aza-2 0 -deoxycytidine (5-Aza-CdR, Fluka, St Louis, MO, USA). We used the miR-205 TaqMan quantitative PCR assay to quantify mature miR-205 expression, which revealed low expression of miR-205 in LNCaP cells relative to PrEC and a 40-fold increase in LNCaP cells in response to 5-Aza-CdR treatment (n ¼ 3, Po0.001; Figure 1b) . Reexpression of miR-205 in response to 5-Aza-CdR, suggests epigenetic repression of this locus in the LNCaP cells. Therefore, we investigated the extent of both the repressive epigenetic marker, DNA methylation, and the active chromatin marker, H3K9 acetylation (H3K9Ac), at the MIR-205 locus.
The MIR-205 promoter has not been described and the genomic region surrounding MIR-205 is relatively deplete in linear sequences of cytosine and guanine nucleotides (CpG sites). It contains no defined CpG island. We therefore designed a Sequenom MassArray (Sequenom, San Diego, CA, USA). MALDI-TOF mass-spectrometry assay to quantitate DNA methylation across the MIR-205 genomic locus. This revealed strong and consistent enrichment of DNA methylation in LNCaP cells compared with PrEC cells across the five CpG MassArray units, representing seven CpG sites in total (Figure 2a, Supplementary  Figure S2 ). To explore the DNA methylation pattern in more detail we designed bisulphite clonal sequencing assays to span both the MIR-205 gene (Figure 1a ). In agreement with the MassArray data, we found extensive DNA methylation in LNCaP cells and almost complete absence of DNA methylation in PrEC at the MIR-205 locus (Figure 2b ). To investigate if LOC642587 expression is also under epigenetic control we used quantitative reverse transcription-PCR (qRT-PCR) to show that LOC642587 is robustly expressed in PrEC and undetectable in LNCaP. In contrast to miR-205, however, treatment with 5-Aza-CdR did not induce LOC642587 expression (Figure 1c) despite showing significant methylation in LNCaP cells (Figure 2c ). Further to this we found treatment with histone deacetylase inhibitor trichostatin A, alone and in combination with 5-Aza-CdR, did not induce expression of LOC642587 in LNCaP cells (data not shown), suggesting repression of this transcript is more complex than DNA methylation and histone deacetylation.
Acetylation of histone H3 at lysine 9 (H3K9Ac) is one of the most commonly described epigenetic marks and is typically enriched in the promoter region of actively transcribed genes in euchromatic regions. 33 To determine H3K9Ac occupancy we performed chromatin immunoprecipitation (ChIP) followed by qPCR quantification at two loci (ChIP1/ChIP2), upstream and spanning the MIR-205 locus (Figure 1a) . Both loci showed depletion of H3K9Ac in LNCaP cells, but enrichment in PrEC cells (Figure 2d) . Thus, the epigenetic status of the MIR-205 locus reliably reflects the associated gene expression and suggests that epigenetic modification of the locus has an important role in silencing of miR-205 expression in the prostate cancer cells.
To investigate the prevalence of the epigenetic state and expression of miR-205 in other cancer cell lines we measured mature miRNA expression and DNA methylation of MIR-205 in two additional metastatic prostate cancer cell lines, DU145 and PC3 and two metastatic breast cancer cell lines, MCF7 and MB231. Figure 2d displays the average relative DNA methylation determined by the MassArray assay at the MIR-205 genomic locus, and shows that DU145 and PC3 are also DNA hypermethylated. Furthermore, mature miR-205 expression strongly inversely correlated with DNA methylation (Figure 2f ), whereas low DNA methylation correlated with high expression of the mature miRNA in the normal cell line, PrEC. Similarly, higher expression correlated with low methylation in the normal breast cell lines HMEC184 and HMEC219, and lower expression correlated with higher methylation in the metastatic breast cancer cell lines MCF7 and MB231 (Figures 2e and f) .
miR-205 functions as an inhibitor of cell viability
The cancer-associated changes in miR-205 expression shown in this and previous studies suggest that miR-205 has a role in cancer development. We investigated whether this is due to a primary silencing of miR-205 or a consequence of deregulation of the host gene LOC642587. In order to characterize the role of miR-205 alone in the control of prostate cell viability, we examined the effect of transient miR-205 overexpression in LNCaP cells using synthetic miRNA precursor molecules (pre-miR, Invitrogen, Carlsbad, CA, USA). Given the important role androgen signaling has in advanced prostate cancer, 34 we explored the impact of miR-205 overexpression both in the presence and absence of the androgen dihydrotestosterone (DHT). LNCaP cells were transfected in serumfree medium for 12 h, before the addition of fresh media with or without DHT. Seventy-two hours after transfection, cell viability was determined using the MTS assay. Cell viability was significantly reduced in pre-miR-205 transfected cells treated with DHT when compared with untransfected or pre-miR-scramble control (Po0.03), but was not significantly changed in the absence of DHT (Figure 3a) . Our results show that miR-205 can negatively affect cell viability in prostate cancer cells, an effect consistent with tumor suppressor activity. In the light of these data we decided to concentrate our investigation on miR-205 and to identify a mechanism by which it might exert a tumor-suppressive effect.
miR-205 targets MED1
MED1 was recently shown to be a target of miR-205 in primary human trophoblasts. 30 Independently, we used three target prediction databases; pictar4way, Targetscan and miRanda, and found MED1 to be one of 24 targets consistently predicted for miR-205 (Supplementary Figure S1A) . Performing the reverse bioinformatic query returned only one consistent miRNA predicted to target the MED1 3 0 -UTR: miR-205 (Supplementary Figure  S1B) . The MED1 3 0 -UTR contains four miR-205 target seed sites, three of which are highly conserved (Supplementary Figure S1C) .
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Interestingly, MED1 is a known AR coactivator and is critical for androgen dependent activation of AR target genes. 35 MED1 is located at chromosome 17q12 and consists of 17 exons. To examine MED1 expression we performed qRT-PCR spanning two different MED1 introns (here named med1_1 and med1_2; genomic locations are depicted in Supplementary Figure S1D) , to account for possible expression disparity among splice variants. We found significantly increased expression of both med1_1 and med1_2 in LNCaP (for each assay, Po0.01; Figure 3b ), supporting previously published results showing MED1 overexpression in prostate cancer cell lines. 35 Treatment of these cell lines with 5-Aza-CdR caused a 10-fold reduction in expression of med1_1 and med1_2 in LNCaP cells (Po0.01), while expression remained relatively unchanged in PrEC (Figure 3b ), consistent with the inductive effect of 5-Aza-CdR on miR-205 expression and subsequent downregulation of its target, MED1.
Next, to establish an explicit link between miR-205 expression and MED1 repression, we performed qRT-PCR on both LNCaP and PrEC cells transfected either with pre-miR-205 or its respective scrambled control or with a miR-205 inhibitor, antisense locked nucleic acid (LNA, Exiqon, Vedbaek, Denmark), which is complementary to miR-205 or its respective scramble control. LNCaP cells transfected with pre-miR-205 exhibited a 30-fold downregulation of both med1_1 and med1_2 amplicons when compared with the scramble control, while PrEC showed a twofold downregulation (for each amplicon, Po0.05; Figure 3c ). As expected, treatment with LNA had the opposite effect, with a 16-fold increase in both med1_1 and med1_2 compared with scramble control in LNCaP cells (for each amplicon, Po0.05; Figure 3c ). However, there was no significant change in MED1 expression in PrEC cells treated with the LNA-miR-205 inhibitor, possibly due to robust expression of miR-205 in PrEC limiting the efficacy of the inhibitor.
Total and phosphorylated-MED1 levels decrease in pre-miR-205 transfected cells MED1 protein is phosphorylated by the mitogen-activated protein kinase extracellular signal-regulated kinase, whereupon it can associate with mediator complex. 36 We therefore examined both total and phosphorylated-MED1 levels in LNCaP and PrEC cells with or without transfection with pre-miR-205. Both the total and phosphorylated-MED1 protein expression were significantly higher in LNCaP than PrEC cells and importantly, transfection with pre-miR-205 led to a reduction in both total and phosphorylated-MED1 (Figure 3d ). These results are consistent with MED1 as a target of miR-205, and clearly demonstrate that MIR-205 DNA hypermethylation is related to a shorter time to biochemical relapse MIR-205 DNA methylation was then assessed by Sequenom MassArray in a cohort of 149 patients treated with radical prostatectomy for localized prostate cancer, cohort described in Tables 1 and 2 . Matched normal tissue was available for 30 of these samples. Pathological assessment of the radical prostatectomy specimens revealed 56.3% (84/149) of patients had organconfined tumors, none had seminal vesicle involvement, o1% (1/149) had pelvic lymph node metastases and 40.3% (60/149) had surgical margins involved with tumor. The median trans-rectal biopsy Gleason score was 7 (range 5-9) and the median preoperative PSA was 7.6 ng/ml (range 1-50 ng/ml). At a median follow-up of 115 months (range 28-167 months), 45/149 (30.2%) had relapsed. Only three patients (2%) died of prostate cancer during the study period. Average MIR-205 DNA methylation across the non-matched tumor samples (n ¼ 119) showed significant increase compared with normal tissue (Po0.0001, unpaired twosided Wilcoxon, Figure 4e ). Direct comparison of tumor and matched patient material (n ¼ 30) showed an increase in tumor MIR-205 DNA methylation in all but two samples (28/30, Po0.001, paired two-sided Wilcoxon, Figure 4f) .
We next looked for association with biochemical recurrence and MIR-205 DNA methylation status. First, methylation status of the tumor samples was categorized into high and low based on the upper quartile of the median methylation values across the four CpG units depicted in the short MassArray schematic in Supplementary Figure S2 . From this, we determined that high MIR-205 DNA methylation was associated with a higher risk of biochemical relapse (P ¼ 0.002, Figure 5 ). Furthermore, on multivariate analysis, low MIR-205 methylation was a significant predictor of biochemical relapse (Po0.05, Supplementary Table S1). 
DISCUSSION
We recently showed that miR-205 DNA hypermethylation is both a hallmark of invasive bladder tumors and undifferentiated bladder cell lines, 37 and was identified in a high-throughput screen of epigenetic marks in prostate cancer cells. 7 Epigenetic mechanisms involved in miR-205 regulation in prostate cancer was also highlighted by Ke et al., 38 where analyses using ChIP on promoter microarrays found gain of repressive H3K27-trimethylation in PC3 metastatic prostate cancer cells, and active H3K4-trimethylation in EP156T primary prostate epithelial cells proximal to the MIR-205 locus. Here, we show that DNA methylation and histone H3K9-deacetylation of the miR-205 locus is associated with miRNA silencing and deregulation of MED1 in prostate cancer. Furthermore, high miR-205 methylation predicted for a poorer prognosis in localized prostate cancer.
The function of specific miRNAs is best understood through its target genes. MiR-205 has a large number of predicted targets, several of which have now been confirmed. Using an unbiased approach we found MED1 to be a predicted target of miR-205 in silico. The presence of four miR-205 target sites (three of which are highly conserved) in the MED1 3 0 -UTR suggests that miR-205 is important for MED1 regulation, and occupation of one or more of these sites may result in nuclease catalyzed cleavage of the mRNA, in a manner recently described by Karginov et al. 39 The miR-205 MED1 target relationship was also recently validated in primary human trophoblasts by Mouillet et al., 30 however, a link between miR-205 deregulation and MED1 has not been demonstrated in cancer. MED1 is a component of the mediator complex-a multi-subunit coactivator complex whose composition is intrinsically important for action of the transcription machinery. 40 MED1 was originally identified as overexpressed in 50% of a cohort of primary breast cancers; however only 24% of these cases were associated with gene amplification at the MED1 locus, 41 suggesting that in approximately half of the cases, MED1 overexpression occurred independent of chromosomal events. This could be due to stabilization of MED1 transcript or protein, or alternatively, through reduction of repressors that target MED1, such as miR-205.
In agreement with previous studies, we found that MED1 is elevated in prostate cancer compared with normal prostate cells, and in 5/7 prostate tumors compared with normal. Further, we have demonstrated that MED1 is downregulated by 5-Aza-CdR treatment, suggesting that MED1 is a target of an miRNA repressed by DNA methylation, and consistent with the increase in miR-205 following treatment with 5-Aza-CdR. This effect was confirmed by the transfection of exogenous pre-miR-205 or competitive miR-205 inhibitors, which revealed repression and induction of MED1, respectively. The negative effect of miR-205 overexpression on cell growth is consistent with previous findings where knockdown of MED1 by RNA-interference in LNCaP, PC3 and DU145 cells reduced cell proliferation. 35 MiR-205 has previously been found to induce apoptosis and cell cycle arrest and reduce the invasiveness of PC3 cells, 29 and consistent with its role in regulation of epithelial to mesenchymal transition, 26 induce epithelial like morphology on overexpression in DU145 and PC3 prostate cancer cells. 11 Our observation that the most significant effect of miR-205 on cell growth in prostate cells is in the presence of androgen (DHT) is of particular interest. Androgen hormones regulate transcription of a number of genes through binding AR. Activated AR typically functions through migration to the nucleus and dimerization where it can bind to DNA, and through mechanisms that are yet to be fully described, can either activate or repress a variety of specific gene loci. 42 The mediator complex has been shown to be important for AR target activation, 32 and mediator complexes showing distinct subunit compositions have different transcriptional characteristics. 43 The mechanisms determining mediator complex composition and the principle components required for mediating transcription initiation at distinct sites remain unclear. 44 One potential instrument for varying mediator complex subunit composition, and thereby potentially altering the AR target gene profile, could be through miRNA directed transcriptional repression of mediator components. The androgen-specific growth effect of miR-205, shown here, could be reflective of this. A follow-up approach to this study would be to examine the growth effect of exogenous miR-205 in androgen-resistant prostate cancer cells, such as LNCaP-OM. 45 The effect of additional miRNAs that potentially target other mediator subunits on mediator composition and function would also be worthy of investigation. Given that the development of resistance to androgen depletion therapies is a determinative step in prostate cancer outcome, future studies will need to address the control of DNA methylation at MIR-205 and the potential for this to modulate AR function, through dysregulation of MED1 (Supplementary Figure S3) .
We have previously shown an association between hypermethylation of coding genes within 2q14.2 and poor prognosis in prostate cancer. 46 Also, hypermethylation of MIR124a was recently shown to confer poor prognosis in acute lymphoblastic Epigenetic-induced repression of microRNA-205 T Hulf et al leukemia. 47 We report here, for the first time of an association between miRNA DNA hypermethylation and outcome in prostate cancer.
One limitation of this study is the relatively small number of clinical events such as development of metastases or death from prostate cancer. Hence, the association between MIR-205 DNA methylation and prostate cancer progression should be tested and validated in locally advanced prostate cancer with longer follow-up time. In summary, the results presented here show a relationship between epigenetic repression of miR-205, elevation of MED1 levels, and suggest that MIR-205 DNA methylation in prostate cancer may have potential as a prognostic biomarker.
MATERIALS AND METHODS
Cell lines and culture
LNCaP cells were propagated in T-media (Dulbecco's modified Eagle's medium low glucose supplemented with Kaign 0 s F-12 medium, insulin, T3, transferrin, biotin, adenine, pen/strep, glutamine and 10% fetal calf serum), as described by Song et al. 48 PrEC cells were propagated in PrEGM (Lonza, Basel, Switzerland). PC3, DU145, MCF7 and MB231 cells were propagated in Dulbecco's modified Eagle's medium (Invitrogen) supplemented with 10% fetal calf serum. HMEC184 and 219 cells were propagated in MEGM media (Lonza). Cell lines were authenticated by short tandem repeat polymorphism, single-nucleotide polymorphism, and fingerprint analyses and passaged for o6 months. 5-Aza-2 0 -deoxycytidine (5-Aza-CdR) (Fluka) treatment was performed for 72 h with fresh media and drug added at 24 and 48 h. LNCaP were treated with 3 mM 5-Aza-CdR, and PrEC 1 mM 5-AzaCdR following optimization based on reactivation of the imprinted gene IGF2 and the prostate cancer hypermethylated gene GSTP1 in response to treatment (data not shown).
RT-PCR analysis
Total RNA was isolated using Trizol reagent (Invitrogen). First-strand complementary DNA was synthesized using 1 mg RNA and superscript reverse transcriptase (Invitrogen). Complementary DNA was then subjected to 40 cycles of amplification, using temperature and Mg 2 þ optimized conditions, using either ABI7900 (Applied Biosystems, Foster City, CA, USA) or LightCycler480 (Roche, Basel, Switzerland) thermal cyclers. PCR products were verified by high resolution-melt and gel-electrophoresis. A table of primer sequences is listed in Supplementary Table S2 . TaqMan assays for miR-205, b-actin, 18S and RNU48 were obtained from Applied Biosystems. The LOC642587 sequencing library was constructed using purified PCR product (PCR Pure Kit, Qiagen, Hilden, Germany), cloned into pGEM-T Easy Vector, before sequencing (Big Dye, Applied Biosystems).
DNA methylation assays
Genomic DNA was extracted using the Mammalian Blood and Tissue Kit (Qiagen). Sequenom MassArray DNA methylation analysis was performed as described previously. 49 Briefly, 1 mg of DNA was treated with sodium metabisulphite 50 and PCR amplified, thereby incorporating the T7 promoter sequence. Alkaline phosphatase treatment followed by in vitro transcription and cleavage by RNase A to result in specific fragmentation. The obtained mixture of fragments was subjected to matrix-assisted laser desorption/ionization time-of-flight mass-spectrometry (MALDI-TOF MS). Fragments containing one or more CpG sites were referred to as 'CpG units'. SssI (New England Biolabs, Ipswich, MA, USA) enzymatically methylated DNA, whole-genome amplified unmethylated DNA and a 50% methylated/unmethylated mix were included as controls. Two separate MIR-205 MassArray assays were designed and used in this study; respective CpG sites and units are depicted in Supplementary Figure  S2 . Spike-in fully methylated DNA controls were detectable to 5 ng using the MIR-205 MassArray clinical assay (data not shown).
H3K9 chromatin immunoprecipitation
LNCaP and PrEC cells fixed in 1% formaldehyde for 10 min before sodium dodecyl sulfate lysis and sonication. Immunoprecipitation was performed overnight at 4 1C with 10 ml anti-acetyl H3K9 (#06.599, Millipore, Billerica, MA, USA). DNA was eluted with 0.1M NaHCO 3 , 1% sodium dodecyl sulfate elution buffer and reverse cross-linked. Immunoprecipitations and input controls were purified by phenol chloroform extraction and ethanol precipitation, as described previously. 51 Transfection and cell growth assays Cells were reverse transfected with synthetic pre-miR (Applied Biosystems) or LNA antisense oligonucleotides (Exiqon) to a final concentration of 50 nM using siPORT NeoFX transfection agent (Applied Biosystems). Twenty-four hours post transfection, the media was changed to T-media supplemented with 10% charcoal-stripped fetal calf serum. Transfectant concentrations were optimized with Cy3 labeled pre-miRs (Applied Biosystems), revealing B490% transfection efficiency in both cell lines at the optimized concentration, as visualized by fluorescence microscopy. Efficacy of pre-miR transfection was first assessed in LNCaP cells by monitoring the capacity of pre-miR-1 to downregulate a known target gene, twinfilin-1 (PTK9); 52 this showed a 10-fold knockdown under our optimized conditions (data not shown). For cell viability assays, cells were seeded and reverse transfected as above at a density of 1 Â 10 4 cells per well in 96-well microtiter plate. At 12 h fresh T-media supplemented with 10% charcoal-stripped fetal calf serum and dihydrotestosterone (DHT, Sigma-Aldrich, St Louis, MO, USA) was added to 10 nM final concentration or an equivalent volume of ethanol, as indicated. The CellTiter 96 Aqueous Non-Radioactive Cell Proliferation Assay (MTS; Promega, Madison, WI, USA) was performed as per the manufacturers' recommendations. Efficacy of miR-205 modulation was determined by TaqMan qPCR (Applied Biosystems), and is increased following pre-miR transfection (Supplementary Figure S4) .
Antibodies and western blotting
Protein was extracted using radioimmunoprecipitation assay (RIPA) buffer with protease inhibitors (0.1 mM vanadate, 10 mg/ml leupeptin, 1 mM PMSF, 10 mg/ml aproptinin, 20 mM NaF). Twelve micrograms of lysates were separated by NuPAGE 3-8% Tris-Acetate gels (Invitrogen), and proteins were transferred to a nitrocellulose membrane (Amersham, Amersham, UK). Transfer efficiency was visualized using Ponceau S (Sigma-Aldrich). Membranes were blocked with 5% skim milk 1 Â PBST, pH 7. ). Patients were selected on the availability of fresh frozen samples for which full clinicopathological features and outcome data were available. Surgery was performed by one of six specialist urologists. Patients were followed postoperatively by their surgeons on a monthly basis until satisfactory urinary continence was obtained and then at 3-month intervals until the end of the first year, at six-monthly intervals to 5 years and yearly thereafter. Biochemical relapse was defined by the following criteria: biochemical disease progression with a serum PSA concentration X0.2 ng/ml increasing over a 3-month period or local recurrence on digital rectal examination confirmed by biopsy or by a subsequent rise in PSA. Clinical recurrence was not considered due to the limited number of events at the time of writing (death from prostate cancer n ¼ 3, bony metastasis n ¼ 2, local metastasis n ¼ 1). Two patient cohorts were used. The discovery cohort consisted of 14 prostate cancers with seven cases having matched adjacent normal prostate tissue. The validation cohort consisted of 149 patients who had a radical prostatectomy performed between 1996 and 2003 (cohort Tables 1 and 2 ). All samples were histologically examined using hematoxylin and eosin stained frozen sections and was macrodissected to ensure a minimum of 70% tumor content. In the first cohort RNA and DNA were extracted by Trizol reagent (Invitrogen), in the second cohort DNA was extracted using the Puregene isolation kit (Qiagen), as per the manufacturers' instructions.
Statistical analysis
Biochemical relapse free survival was measured from the date of radical prostatectomy to relapse or the date of last follow-up. One-way analysis of variance tests were conducted to assess association between methylation levels and clinicopathological variables. Multivariate Cox models were produced by assessing MIR-205 methylation with other baseline covariates of clinical relevance, such as Gleason grade, pathological stage and preoperative PSA, which were modeled as dichotomous or continuous variables as appropriate. 53 QRT-PCR experiments were analyzed using the delta-Ct method. 54 All P-values corresponded to two-sided tests unless otherwise stated and Po0.05 was considered statistically significant. Statistical analyses were performed using Microsoft Excel and the R software environment (R Foundation for Statistical Computing, Vienna, Austria). ABBREVIATIONS miRNA, microRNA; ChIP, chromatin immunoprecipitation; 5-AzaCdR, 5-Aza-2 0 -deoxycytidine; IP, immunoprecipitation; FCS, fetal calf serum; CSFCS, charcoal-stripped fetal calf Serum; DHT, dihydrotestosterone; PSA, prostate specific antigen; AR, androgen receptor; BRFS, biochemical relapse free survival.
